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LEAK DETECTION SYSTEM 

Field of the Invention 
The present invention generally relates to detecting leaks in pressurized piping 
systems used for conveying a liquid. A pressure decay test is performed during times 
5 when there is no user demand on the piping system, minimizing, if not precluding, 
disruption to users of the piping system. 

Background of the Invention 
Leaks from water pipelines that can occur in a building, whether residential, 
commercial, or institutional, are highly undesirable. Over time, leaking water can be a 
10 significant and unnecessary expense. Moreover, water leakage from a broken or leaking 
water line can cause severe damage if left undetected for too long a period. 

The prior art teaches numerous methods and devices for detecting a leak in a 
piping system and then automatically shutting off the supply to the piping system in order 
to minimize the waste and damage caused by the leak. However, heretofore the prior art 
15 approaches are generally insufficiently reliable, too complex, or too expensive to be 

effectively utilized in many applications. Accordingly, there is still a long felt need in the 
industry for improved approaches to detecting a leak in a piping system and then 
automatically shutting off the supply to the piping system in order to minimize damage 
caused by the leak. 

20 Summary of the Invention 

The present invention provides for leak detection systems that are capable of 
automatically detecting a leak in a pressurized piping system. The present invention 
utilizes a pressure decay test to test for leaks in the piping system. Systems of the present 
invention also test for user demand on the piping system before initiating a pressure decay 

25 test in order to minimize or eliminate disruption to a user of the piping system. Thus, a 
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leakage test is performed by first determining whether there is user demand on the piping 
system and proceeding with a pressure decay test only if there is no user demand present. 
If user demand is initiated during the performance of a pressure decay test, the system 
detects the user demand and halts the pressure decay test until the user demand stops. 

5 Description of the Drawings 

The present invention is illustrated by way of example in the following drawings 
in which like references indicate similar elements. The following drawings disclose 
various embodiments of the present invention for purposes of illustration only. The 
drawings are not intended to limit the scope of the invention. 
10 FIG. 1 illustrates an embodiment of a leak detection system according to the 

present invention. 

FIG. 2 shows a flowchart that illustrates an example method of the present 
invention. 

Detailed Description of Preferred Embodiments of the Invention 
15 In the following detailed description of preferred embodiments of the present 

invention, reference is made to the accompanying Drawings, which form a part hereof, 
and in which are shown by way of illustration specific embodiments in which the present 
invention may be practiced. It should be understood that other embodiments may be 
utilized and changes may be made without departing from the scope of the present 
20 invention. For example, the present specification primarily addresses the use of the 
present invention in conjunction with a water line such as would be found delivering 
potable water to a residential home, a commercial building, or an institutional building. 
However, one of ordinary skill in the art, after gaining an understanding of the present 
invention, will appreciate that the present invention can be advantageously utilized in 
25 conjunction with piping systems conveying liquids other than water, preferably non- 
compressible liquids. 

The present invention utilizes a pressure decay test (also commonly referred to as 
a hydrostatic test) to test for leaks in a pressurized piping system, such as a common 
piping system supplying potable water from a residential water supply line to various 
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outlets in the residence, such as appliances and faucets. Thus, a leakage test according to 
the present invention comprises a pressure decay test. The pressure decay test is 
performed by first shutting off the supply of liquid into the piping system to be tested and 
then monitoring the pressure in the piping system over time to determine whether there is 
5 pressure decay. If no pressure decay is detected, then it is determined that there is no leak 
present. Once the supply of liquid to the piping system is shut off, no appreciable 
pressure decay will be detected unless a volume of liquid is removed from the piping 
system. However, removing even a small amount of liquid from the piping system, such 
as would occur if a leak is present, will cause a significant pressure decay in the piping 

10 system. A volume of liquid can be removed from the piping system either by user 

demand or by a leak in the piping system. Accordingly, it is an important aspect of the 
present invention that detected pressure decay during periods of no user demand is 
indicative of a leak in the piping system. 

Since a pressure decay test requires the supply to the piping test to be shut off 

15 during performance of the pressure decay test, the pressure decay test will disrupt normal 
use of the piping system if the pressure decay test is performed during periods when there 
is a user demand on the system. Therefore, the present invention applies the pressure 
decay test during times when there is no user demand on the piping system. In this 
manner, the pressure decay test does not disrupt the normal use of the piping system. 

20 Accordingly, when performing a leakage test on a piping system in accordance with the 
present invention, the piping system is first tested to see if there is any user demand. If 
there is user demand present then performance of the pressure decay test is delayed until a 
later time when no user demand is detected. When no user demand is detected, the 
pressure decay test is performed. 

25 If, during the performance of a pressure decay test, no pressure decay is detected 

over a preset duration of time, the leak test is complete and the supply to the piping 
system is reopened as no leak has been detected. However, if pressure decay is detected 
during the performance of the pressure decay test, the pressure decay may be due to a leak 
in the piping system or it may be due to user demand initiated during the performance of 

30 the pressure decay test. Accordingly, upon detecting pressure decay during the pressure 
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decay test period, the present system checks for user demand. If pressure decay has been 
detected and no user demand is present, then a leak has been detected. If user demand is 
present, the system preferably waits until no user demand is present and then restarts the 
pressure decay test. In preferred embodiments of the present invention, a signal is issued 

5 to users of the piping system whenever a leak has been detected. The signal may be any 
appropriate signal, such as an audible signal or the illuminating of a light. 

Generally, leak detection systems according to the present invention comprise 
control logic, a user demand detector in communication with the control logic, a pressure 
decay detector in communication with the control logic, and a shut-off valve in 

10 communication with the control logic. Typically, the leak detection system is installed in 
the main supply to a piping system. For example, when used to detect a leak in a 
residential water piping system, the point of installation is typically just after any main 
water meter present or just after the point of entry into the residential building from a 
supply well pump. 

1 5 The user demand detector may utilize any means useful for determining whether a 

user of a piping system is drawing liquid from the piping system (that is, a user demand is 
present). In preferred embodiments, the leak detection system checks for user demand by 
checking for liquid flow in the piping system. If the leak detection system is checking for 
user demand prior to the start of a leakage test, the shut-off valve is already open and the 

20 system checks for liquid flow to determine if user demand is present. If, however, the 
leak detection system is checking for user demand after pressure decay has been detected 
during a leakage test, the system first reopens the shut-off valve and then checks for 
liquid flow to determine if user demand is present. If detected pressure decay is due to a 
leak, the reopening of the shut-off valve will cause the pressure to increase and no 

25 appreciable flow will be detected. However, the presence of at least a minimum user 

flow rate after reopening the shut-off valve is an indication that a user demand is present. 
Because of potential fluctuations in the flow of liquid in the piping system, preferred 
embodiments of the present leak detection system may not determine that user demand is 
present unless a preset minimum liquid flow has been continuously detected for a brief 

30 period. For example, when used in residential water piping systems, leak detection 
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systems have effectively determined user demand is present when a minimum flow is 
continuously detected for a period of about 0.5 seconds or more. In a typical residence, 
any user demand, such as turning on a water faucet, running a dishwasher, running a 
washing machine, or activating an ice maker, will cause water to flow through the main 
5 supply line at a rate greater than or equal to about 0.2 gallons per minute ("gpm"). 

Accordingly, in one embodiment the minimum user flow rate is set at about 0.2 gpm and 
a detected flow rate of greater than or equal to about 0.2 gpm is taken as an indication that 
user demand is present. 

In one preferred embodiment, the user demand detector comprises a flow switch. 

10 Flow switches are known in industry and are typically preset to detect a minimum flow 
rate. During operation of a typical flow switch, a flow rate greater than or equal to the 
minimum flow rate (for example, 0.2 gpm) keeps a contact closed, allowing the flow 
switch to generate an electrical signal. On the other hand, if the flow rate drops below the 
minimum, then the contact opens, preventing the generation of the signal. This signal, 

15 indicating whether the contact is open or not, is communicated to the control logic. 
Typically, the communication is provided by an electrical connection (such as one or 
more wire connections) as is known in the electrical arts. However, the present invention 
contemplates that this signal could be communicated to the control logic utilizing 
wireless communication techniques. Wireless communications might be useful, for 

20 example, in a system that utilized one or more flow switches positioned at a distance from 
the control logic. For example, the present invention contemplates placing a flow switch 
near one or more points of user demand (for example, faucet, shower, etc.), which may be 
a significant distance from the control logic. Typically, the present invention utilizes a 
single flow switch positioned near the control logic and in communication with the 

25 control logic via an electrical connection. 

In another embodiment, the user demand detector comprises a flow meter. Flow 
meters are known in industry. Unlike flow switches, a flow meter will measure the flow 
rate. This measured flow rate is then compared with the minimum flow rate (for 
example, 0.2 gpm) to determine if there is user demand. If the measured flow rate is less 

30 than the minimum, it is determined that no user demand exists. The measured flow rate 
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can be communicated to the control logic and then compared to the minimum flow rate or 
the measured flow rate can be first compared to the minimum flow rate and the result 
(that is, whether user demand or not) can be communicated to the control logic. Similar 
to the use of a flow switch described above, the flow meter can be in communication with 
5 the control logic via an electrical connection or via wireless communication techniques. 

The pressure decay detector may utilize any means useful for determining whether 
pressure decay is present. A determination as to whether pressure decay is present is 
made by shutting off the liquid supply to the piping system and measuring the pressure in 
the piping system over time to see if the pressure drops below a predetermined minimum 

10 acceptable pressure. A preferred pressure decay detector comprises a pressure switch. 
Pressure switches are known in industry. Typically, a pressure switch contains a contact 
that remains closed whenever the monitored pressure is greater to or equal to a 
predetermined minimum pressure. The closed contact allows the pressure switch to 
generate an electronic signal that can be communicated to the control logic. Similarly, 

15 whenever the pressure drops below the minimum pressure the contact opens. 

Accordingly, the control logic can monitor whether the contact is open or closed (that is, 
whether the pressure is below a minimum pressure or not). Alternately, a pressure decay 
detector may comprise a device that measures the pressure in the piping system and 
communicates the measured pressure to the control logic where the communicated 

20 pressure can be compared to a predetermined minimum acceptable pressure. Similar to 
the user demand detector, the pressure decay detector can be in communication with the 
control logic via an electrical connection or via wireless communication techniques. 

The minimum acceptable pressure should be chosen such that the pressure in the 
piping system being monitored would rarely, if ever, drop below the minimum acceptable 

25 pressure absent liquid being withdrawn from the piping system either by user demand or 
by a leak. For example, the water pressure in a water piping system for a residence is 
typically from about 55 psig to about 100 psig. In one embodiment of the present 
invention, a minimum acceptable pressure of about 15 psig has been advantageously 
utilized. Although the water pressure in the piping system may vary from time to time or 

30 residence to residence, the water pressure will rarely, if ever, drop below about 15 psig. 
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The shut-off valve is used to shut off the liquid supply to the piping system. 
When the shut-off valve is closed, no liquid can flow into the piping system from the 
supply. During normal use of the piping system by a user, the shut-off valve is open. 
Shut-off valves useful in accordance with the present invention are known in industry and 
5 are sometimes referred to as electric solenoid valves. Preferred shut-off valves use 
electrical power to stay open and close if the power is shut off. Accordingly, preferred 
shut-off valves will automatically close, shutting off the supply of liquid to a piping 
system, if there is a power failure to the electrical power supply. The shut-off valve is in 
communication with the control logic. Similar to the user demand detector and the 

10 pressure decay detector, the shut-off valve can be in communication with the control logic 
via an electrical connection or via wireless communication techniques. The 
communication between the control logic and the shut-off valve allows the control logic 
to control the shut-off valve by opening and closing it at appropriate times. 

The control logic comprises electronic circuitry useful for initiating leakage tests, 

15 determining whether a leak is present, and shutting off the shut-off valve when the control 
logic has determined a leak is present. The control logic may be implemented utilizing a 
programmable logic controller ("PLC") as is known in the electronic arts or by other 
means, such as a printed circuit board, for example. Upon gaining an understanding of 
the teachings of the present specification, one or ordinary skill in the electronic arts 

20 should be able to implement the control logic according to the present invention without 
undue experimentation. 

The control logic periodically initiates a leakage test. For a water piping system in 
a residence, the leakage test typically is initiated every few hours. The time between 
initiated leakage tests may be referred to herein as the leakage test frequency. The control 

25 logic contains a clock or timing circuitry to keep track of the amount of elapsed time 
between leakage tests. Such clock or timing circuitry is general known in the electronic 
arts and may be referred to herein as the leakage test frequency timer. When the clock 
indicates that the time elapsed since the last leakage test is equal to or greater than the 
leakage test frequency, the control logic initiates another leakage test. 
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When a leakage test is initiated, the control logic first utilizes the user demand 
detector to determine whether user demand is present. In preferred embodiments, the 
control logic provides an indication to the user of the leak detection system whenever a 
user demand test is being performed. In one embodiment, this indication is provided by 
5 lighting an LED on a front panel of the leak detector system. For example, if the user 
demand detector comprises a flow switch or a flow meter as described above, the control 
logic determines whether the flow rate is less than a preset minimum user flow rate. If so, 
then no user demand is present. On the other hand, if the flow rate is greater than or 
equal to the minimum user flow rate (that is, user demand is present), then the leakage 

10 test is stopped. The control logic can then wait until the flow rate drops below the 
minimum user flow rate, upon which time the leakage test is restarted. In preferred 
embodiments, the control logic waits until either the flow rate drops below the minimum 
user flow rate or a preset maximum allowable demand time has been exceeded. In the 
case where the flow rate drops below the minimum user flow rate, the leakage test is 

15 restarted. In the case where the maximum allowable demand time has been exceeded, the 
shut-off valve is closed. 

When a leakage test is initiated and no user demand is present, the control logic 
initiates a pressure decay test. Upon initiating a pressure decay test, the control logic 
communicates a signal to the shut-off valve to close, isolating the main supply to the 

20 piping system. This signal may comprise simply shutting off the power to an electrical 
solenoid valve, causing it to close. In preferred embodiments, the control logic also 
provides an indication to the user whenever a pressure decay test is being performed. In 
one embodiment, this indication is provided by lighting an LED on a front panel of the 
leak detector system. Once the shut-off valve is closed, the control logic begins 

25 monitoring the pressure in the piping system and continues monitoring the pressure for a 
predetermined amount of time. This predetermined amount of time may be referred to 
herein as the pressure decay test time or pressure decay test duration. In preferred 
embodiments, the pressure decay test time can be set by a user of the leak detection 
system. For typical residence water piping systems a pressure decay test time of about 30 

30 seconds has been used effectively. If the monitored pressure does not drop below a 
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minimum acceptable pressure and the pressure decay test time has elapsed, then it is 
determined that no leak is present. The control logic then reopens the shut-off valve and 
again utilizes the leakage test frequency timer to determine when the next leakage test 
should be initialized. 

5 If the monitored pressure drops below a minimum acceptable pressure before the 

pressure decay test time has elapsed, then liquid has been removed from the piping 
system and the control logic determines whether the liquid was removed via a leak or via 
user demand (user opening a faucet, turning on an appliance, etc.). The control logic tests 
for user demand by first reopening the shut-off valve, which was closed to initiate the 

10 pressure decay test, and then utilizing the user demand detector as described above. If no 
user demand is present, it is determined that the removal of liquid from the piping system 
is due to a leak in the piping system. Once it is determined a leak is present, the control 
logic closes the shut-off valve, and it remains closed until the leak detection system is 
reset. Preferably, a warning signal is issued, indicating a leak has been detected. 

15 Typically, a user of the leak detection system will find and fix the leak and then reset the 
leak detection system. When the leak detection system is reset, the shut-off valve is 
opened and the leakage test frequency timer is restarted. On the other hand, if user 
demand is present, then the leakage test is stopped. The control logic can then wait until 
no user demand is present, upon which time the leakage test is restarted. In preferred 

20 embodiments, the control logic waits until either the user demand stops or a preset 

maximum allowable demand time has been exceeded. In the case where the user demand 
stops, the leakage test is restarted. In the case where the maximum allowable demand 
time has been exceeded, the shut-off valve can be closed in the same manner as when a 
leak is detected. 

25 Examples 

Figure 1 shows an embodiment of a leak detection system 100 according to the 
present invention. The leak detection system 100 can be advantageously installed in a 
residence to detect and limit damage from leaks in the residence's water piping system. 
The leak detection system 100 is attached to the main water supply to the residence by a 

30 first piping joint 1 02 and is attached to the residence's piping system by a second piping 
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joint 104. The leak detection system 100 comprises three valves that are manually 
opened and closed. During normal operation of the leak detection system 100, the first 
valve 106 is closed and the second valve 108 and third valve 1 10 are open. Thus, water 
enters the leak detection system 100 through the first piping joint 102, flows through the 
5 first valve 108, flows through the second valve 1 10, and exits the leak detection system 
100 through the second piping joint 104. However, a user of the leak detection system 
100 can put the leak detection system 100 into a by-pass mode by closing the second 
valve 108 and the third valve 110 and opening the first valve 106. The leak detection 
system 100 may be put into by-pass mode, for example, to facilitate maintenance or 

10 repairs. In by-pass mode, water flows straight through from the first piping joint 102 to 
the second piping joint 104 and does not flow through the second valve 108 or the third 
valve 110. Accordingly, when the leak detection system 100 is in by-pass mode, the 
disconnect unions 1 12 can be loosened and the bottom portion of the leak detection 
system 100 can be removed, making maintenance, repair, or replacement easier. During 

15 normal use of the leak detection system 100 (that is, when it is not in by-pass mode) and 
there is user demand, water will flow through the second valve 108, through the shut-off 
valve 1 14, through the flow switch 1 16 and through the third valve 1 10. 

The flow switch 1 16 is used to determine whether user demand is present. The 
flow switch 1 16 is preset to detect a minimal water flow rate (for example, 0.2 gpm). 

20 Flow switches, such as the flow switch 1 16 in the leak detection system 100 of Figure 1, 
are commercially available. The flow switch 1 1 6 is in communication with the control 
logic in the control box 1 1 8 via electrical wires 122. Whenever there is user demand, the 
control logic keeps track of how long the user demand is present. If the period of user 
demand exceeds a user determined maximum user demand time, the control logic 

25 communicates a signal to the shut-off valve 1 14 to close, stopping water flow through the 
leak detection system 100, and therefore, stopping water flow to the piping system. The 
control logic is in communication with the shut-off valve 1 14 via the electrical wiring 
124. Whenever the maximum user demand time is exceeded, the control logic in the leak 
detection system 100 will also cause a system fault indicator 128 to light, indicating to a 

30 user why the leak detection system 100 was shut down. A user of the leak detection 
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system 100 can set the maximum user demand time from 1 minute to 99 minutes by 
adjusting the demand set dial 126. Once the leak detection system 100 has been shut 
down, a user of the leak detection system 100 can reset the leak detection system 100 by 
depressing the system reset button 136. Resetting the leak detection system 100 opens 
5 the shut-off valve 1 14 and resets the leakage test frequency timer. 

The control box 118 houses the control logic of the leak detection system 100. 
The control box 118 also comprises a power on indicator 138, a demand testing indicator 
140, and a leak testing indicator 142. The power on indicator 138 is typically a light 
source, such as an LED, and is illuminated whenever there is electrical power supplied to 

10 the system. The demand testing indicator 140 is typically a light source, such as an LED, 
and is illuminated whenever a user test demand is being performed. The leak testing 
indicator 142 is typically a light source, such as an LED, and is illuminated whenever a 
pressure decay test is being performed. The leak detection system 100 is powered by 
plugging the power cord 120 into a standard 120-volt outlet. 

15 The control logic initiates a leakage test according to a preset leakage test 

frequency. For use with residential water piping systems, the leakage test frequency is set 
such that a leakage test is performed every few hours. When it is time to perform a 
leakage test, the control logic checks the flow switch 1 16 for user demand. If the flow 
switch 116 detects user demand the start of the leakage test is delayed until there is no 

20 user demand present. If the flow switch 116 does not detect user demand, then a leakage 
test is initiated. The control logic initiates the leakage test by first closing the shut-off 
valve 114, stopping water from flowing through the leak detection system 100 and into 
the piping system. The control logic then begins to monitor the pressure switch 130. The 
pressure switch 130 is monitored for a preset amount of time, which is referred to herein 

25 as the pressure decay test time. A user of the leak detection system 100 can set the 
pressure decay test time from 1 second to 99 seconds by adjusting the test set dial 132. 
For residential water piping systems, a pressure decay test time setting of about 30 
seconds can be advantageously utilized. The pressure switch 130 detects if the pressure 
in the piping system drops below a predetermined minimal acceptable pressure. For 

30 residential water piping systems a minimal acceptable pressure of 1 5 psig can be 
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advantageously utilized. Pressure switches, such as the pressure switch 130 in the leak 
detection system 100 of Figure 1, are commercially available. 

If the pressure switch 130 detects that the pressure has dropped below the minimal 
acceptable pressure, then the control logic initiates a test to determine if there is user 
5 demand. Although presence of user demand is determined before the leakage test is 
initiated, this test for user demand is performed because a user may create user demand 
(by turning on a faucet, for example) during the period between initiating a leakage test 
and determining that the pressure has decreased below the minimal acceptable pressure. 
The control logic performs this test for user demand by first opening the shut-off valve 

10 114 and then checking the flow switch 1 16 to determine if the minimum user flow rate 
has been detected by the flow switch 116, In some applications, fluctuations in flow rate 
may exist for a brief period after reopening the shut-off valve 114. The control logic may 
account for these fluctuations in flow rate by delaying for a short time (for example, about 
0.5 seconds) before checking the flow switch 1 16 for user demand. Alternately, the 

15 control logic may check that the flow switch 1 16 has detected a minimal user flow rate 
continuously for a short period (for example, at least about 0.5 seconds) before 
determining that user demand is present. 

If the test for user demand performed during a leakage test shows that no user 
demand is present, then there is a leak in the piping system and the control logic sends a 

20 signal to the shut-off valve 1 14 to close, stopping water flow through the leak detection 
system 100, and therefore, stopping water flow to the piping system. Whenever a leak 
has been detected, the control logic in the leak detection system 100 will also cause a leak 
detected indicator 134 to light, indicating to a user why the leak detection system 100 was 
shut down. While the leak detection system 100 is shut down, a user can find and repair 

25 the detected leak. A user of the leak detection system 100 can reset the leak detection 
system 100 by depressing the system reset button 136. On the other hand, if the test for 
user demand performed during a leakage test shows that there is user demand present, the 
control logic keeps the shut-off valve 1 14 open and waits until no user demand is 
detected, at which time the leakage test is restarted. 
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Figure 2 shows a flowchart that illustrates an example method 200 of the present 
invention. The method 200 is one example of a method that can be used to implement a 
leakage test according to the present invention. It should be noted that the method 200 is 
just one example of a method that can be utilized in producing leak detection systems of 
5 the present invention. Upon attaining an understanding of the present specification, one 
of ordinary skill in the electrical arts will be able to produce control logic (that is, 
circuitry and other electronic components) capable of implementing methods of the 
present invention. The system utilizes a leakage test frequency timer to determine when 
to start a leakage test 202. Upon starting the leakage test 202, the system determines 

10 whether user demand is present 204. If user demand is present, a demand timer is started 
206. The demand timer keeps track of how long user demand is present The current 
demand time is compared to the maximum user demand time 208. If the maximum user 
demand time is exceeded 210 the system can be shut down by closing the shut-off valve, 
shutting off the liquid supply to the system. If the maximum user demand time is not 

15 exceeded the system determines whether user demand is present 212. If no user demand 
is present, the system starts the leakage test timer 214. If user demand is present, the 
system continues to determine whether the maximum demand time has been exceeded 
208 and whether user demand is present 212 until either the maximum demand time is 
exceeded 210 or there is no longer user demand. 

20 When there is no user demand present or any detected user demand has stopped, a 

pressure decay test is started by first starting a pressure decay test timer 214, The system 
then checks for pressure decay 216 in the piping system. If pressure decay is detected, the 
system checks for the presence of user demand 218. If no user demand is present, then a 
leak has been detected 220 and the system can be shut down. If user demand is present, 

25 the pressure decay test is halted, the user demand timer is started 206, and the system 
proceeds as described above until either no user demand is present or the maximum user 
demand time has been exceeded 210. If no pressure decay has been detected, the system 
checks to determine if the pressure decay test time has expired 222. If the pressure decay 
test time has expired, then the pressure decay test is complete and no leak has been found. 

30 However, if the pressure decay test time has not expired, then the system continues 



- 13- 



Case No.: MAT0001-US1 

checking for pressure decay 216 and checking to determine if the pressure decay test time 
has expired 222 until either pressure decay has been detected or the pressure decay test 
time has expired. 

The present specification describes a leak detection system capable of 
5 automatically detecting a leak in a pressurized piping system. The present invention 
utilizes a pressure decay test to check for leaks in the piping system. The present 
invention utilizes a user demand test to reduce disruption to users of the piping system by 
only performing the pressure decay test when no user demand is present. While the 
present invention has been described in detail with respect to specific embodiments 
10 thereof, it will be appreciated that those skilled in the art, upon attaining an understanding 
of the foregoing, may readily conceive of alterations to, variations of and equivalents to 
these embodiments. Accordingly, the scope of the present invention should be assessed 
as that of the appended claims and by equivalents thereto. 



- 14- 



